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INTRODUCTION

1 Scope

1.1 These requirements apply to transformers, autotransformers, and motor-transformers intended to be
used in audio-, radio-, and television-type appliances in which the primary winding is connected across

the supply circuit.

1.2 The requirements in Sections 6 — 17, 25 — 28, 30, and 31 also apply to transformers intended for use
in high-frequency, switching-type power supplies in which the transformer provides isolation from the

supply circuit.

1.3 These refquirements do not apply to transformers that are intended to transform only au
other signal |waveforms. Those transformers are covered by the Standard for Isolatin
Feedback Transformers for Use in Electronic Equipment, UL 1876.

1.4 These fequirements apply to a transformer or motor transformer that includes
current-limitig impedance such as a positive temperature coefficient (PTC) device comp
requirements| for thermistor-type devices, or a resistor complying with the Standard for Fus
and Tempergture-Limited Resistors for Radio- and Television-Type Appliances, UL 1412.

2 Componerts

2.1 Except as indicated in 2.2, a component of a product covered by this standard shall coj
requirements| for that component. See Appendix A for a list\ef standards covering compone
used in the products covered by this standard.

2.2 A compgnent is not required to comply with a-specific requirement that:

a) Involves a feature or characteristichot required in the application of the compon
proddict covered by this standard; or

b) Is|superseded by a requirement in this standard.

2.3 A compdnent shall be usgdiin accordance with its rating established for the intended
use.

2.4 Specific
Such compo
exceeding sp

Componenis.are incomplete in construction features or restricted in performanc
nents ate)intended for use only under limited conditions, such as certain tem
ecified limits, and shall be used only under those specific conditions.

io, video, and
j Signal and

a separate
ying with the
ing Resistors

mply with the
nts generally

ent in the

conditions of

b capabilities.
peratures not
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3 Units of Measurement

3.1 When a value for measurement is followed by a valued in other units in parentheses, the first stated

valued is the

4 Undated R

requirement.

eferences

4.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.

5 Glossary

5.1 For the

5.2 ENCAPS
inch (0.8 mm

5.3 HOUSIN
the outside 0
parts.

5.4 IMPREG
the polymerig
electrical gra

5.5 LAYER-
winding are
between ther

5.6 POTTIN
transformer.

5.7 TRANSH

autotransfornper.

5.8 WINDIN

insulated leagls or terminals_are connected.

Urpose of this standard the following definitions apply.

ULATION COMPOUND — A material, generally of the polymeric typethat is
thick (when solidified) and that covers the transformer windings.

G — A partial or complete enclosure, generally of polymeric material or metal, {

f all or part of the transformer (such as end bells) but is not«n_contact with cu

NATION COMPOUND - A coating material less than4/32 inch (0.8 mm) thick
type and commonly in the form of varnish, that is"absorbed by insulating mats
le paper.

VOUND TRANSFORMER — A transformerdn which all of the turns in each
n a single plane. Turns in each layer are wound tightly next to each other
N and the turns do not cross over othekturns in that layer or the adjacent laye

5 COMPOUND - A material jntended to fill all the air spaces inside the

ORMER — A collective \term used to designate a transformer, a motor trans

5 — A coil of wite”including the start, finish, and crossover leads up to thg

at least 1/32

hat is around
rrent-carrying

, generally of
erials such as

ayer of each
with no gaps
rs.

housing of a

ormer, or an

point where
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CONSTRUCTION

6 Enclosure

6.1 A material used as all or part of the enclosure (end bells) of a transformer shall be classified V-0 or
less flammable in accordance with the Standard for Tests for Flammability of Plastic Materials for Parts in
Devices and Appliances, UL 94.

Exception:

This requirement does not apply to a bushing through which a lead passes.

6.2 A complete, individual enclosure (end bells) is not required when:

a) Life parts are not accessible; or

b) T
inacd

An individual
described in

6.3 A pottin
accordance
Appliances, |

flat-stock samples may be used in lesser thicknesses in the fransformer when determined 3

6.4 An enca
or less flamm
in Devices a
1/16-inch (1.
determined 4

7 Leads
7.1 Insulatio

7.1.1 The in

reached undgr any condition of actual use, and shall be rated "VW-1."

?[/e transformer is used in an appliance having an enclosure that renders the li

essible.

enclosure may be required in the end product if the transformer has not bg
Abnormal Operation Tests, Section 29.

j compound employed in a transformer shall be classified HB or less
vith the Standard for Tests for Flammability of Plasti¢ Materials for Parts in
JL 94. A potting compound classified HB or less flamimable using 1/16-inch (

hsulation compound that covers the exterioi’surface of a transformer shall be
able in accordance with the Standard forTests for Flammability of Plastic Mate)
nd Appliances, UL 94. An encapsulation compound classified HB or less flan
b-mm) thick flat-stock samples may*be used in lesser thicknesses in the tran
cceptable.

I

bulation on lead wires shall be rated for the voltage involved and the highes

e parts

en tested as

lammable in
Devices and
|.6-mm) thick
\cceptable.

classified HB
rials for Parts
hmable using
sformer when

temperature
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7.2 Cords

7.2.1 A flexible cord of a transformer shall comply with the requirements in the standard for the end-use
product in which the transformer is intended to be used and shall be rated "VW-1."

7.2.2 A power-supply cord or wiring harness shall be provided with a polarized (two-blade polarized or
three-wire grounding) type attachment plug that conforms with one of the configurations covered in the
Standard for Wiring Devices — Dimensional Requirements, NEMA WD-6, and in the Standard for
Attachment Plugs and Receptacles, UL 498. The attachment plug shall comply with the requirements in

the Standard

Exception:

for Cord Sets and Power-Supply Cords, UL 817.

When the product is intended to be connected to supply circuits not defined in the National

Electrical Co
Standard fo
attachment p
to be shippe
when leaving

le, ANST/NFPA 70, or Tor connection to supply-circuit recepiacles thart are not

Wiring Devices — Dimensional Requirements, NEMA WD-6, the config!
ug is to conform to the applicable Standards of the country into which theyarody
. This exception applies only when the product is set for use on the foreign
the factory.

Hefined in the
ration of the
ct is intended
supply circuit

7.2.3 The conductors of a parallel flexible cord of a transformer shalknot be split external to the

transformer ¢
7.3 Sleeving

7.3.1 Sleevir
flame-retarda

7.4 Connecti

7.4.1 The c(
transformer
mechanically

7.4.2 When

acceptable m
Mechanical g
risk of fire or

nclosure (end-bells).
tape, and tubing

g and tubing used on lead wires shall be ratedVW-1." Tape used on lead V
nt.

ons between leads
nnection between a lead, including~a flexible cord, and a winding or othg
shall be soldered, welded, orotherwise securely connected. A solder |

secure before soldering.

b lead is rigidly held in place without the use of solder, or when it is retained i
eans so as not to beisubjected to any motion, additional mechanical security is

electric shock.

vires shall be

r part of the

bint shall be

h place by an
not required.

ecurement of a lead’is not required when separation of the connection does not result in a
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7.5 Strain relief

7.5.1 Strain relief shall be provided so that stress on each individual lead, including a flexible cord, is not
transmitted to the connection inside the transformer. See 27.1.

7.5.2 A strain-relief means shall not depend solely on adhesion between the lead and a potting
compound, unless an investigation shows it to be acceptable.

7.6 Openings for wires

7.6.1 An edge of an opening for a cord or wire connected in the primary circuit shall be free of burrs and
fins that may damage the conductor insulation. Unless a bushing is provided, the edges of an opening in

a sheet-metaf enclosure shall be rolled or formed.

7.7 Bushings
7.7.1 A bush

8 Interconne|

8.1 A discrefe component that provides a conductive connection bétween the primary a

winding of a
acceptable v

least 1/2 watf.

8.2 The resi
resistor used
12-megohms

8.3 A capaci

for Fixed Capacitors for Use in Electric Equipment — Part 14: Sectional Specifications: Fixg

for Electroms
9 Protective

9.1 A proted
construction,

9.2 Protectiv]
materials, an

ing shall be secured in place.

ction of Windings

transformer shall have a resistance that limits the-lgakage current in the e
hlue that does not exceed 12-megohms. The wattage rating of the compone

stance mentioned in 8.1 shall not be exceéded considering the maximum tol
For example, a resistor rated 10 megohms with a 20-percent tolerance is acceg
maximum resistance application.

or with or without a built-in shuntresistor shall comply with the requirements in

gnet Interference Suppression and Connection to the Supply Mains, UL 60384

Devices

nd secondary
nd use to an
ht shall be at

erance of the
ptable for the

the Standard
bd Capacitors
1-14.

five device insftalled as part of a transformer shall comply with the requirenents for the

performanceiand use for such a device.

P devices)covered by 9.1 include fuses, overtemperature and overcurrent prote

ctors, eutectic

I similar devices intended to interrupt the flow of current as a result of transforiner overload.
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10 Separate Current-Limiting Material

10.1 Separate current-limiting impedances such as a positive temperature coefficient (PTC) device
complying with the requirements for the thermistor type devices, or a resistor complying with the Standard
for Fusing Resistors and Temperature-Limited Resistors for Radio- and Television-Type Appliances, UL

1412, may be provided.

11 Live Part

Insulating Material

11.1 Insulating material for the support of terminals operating at 42.4 volts peak or more or having
available power of more than 15 watts shall be:

a) O

b) C

of Plastic Materials for Parts in Devices and Appliances, UL 94. Material classified

flamn

in a fransformer;

c) R

d S
hot-w

Exception N(
polymeric ma

a A
term
the r

b) In
discdg
28. T

Exception N(
intended for
of live parts.

Exception N

acceptable mechanical strength for the application;
assified V-2 or less flammable in accordance with the Standard for Tests.for F

hable using 1/16-inch (1.6-mm) thick bar specimens may be accepted in lesse

hted for the temperature involved in the end-use appliances*as described in 2]

hitable for the sole support of live parts as determined<by investigation regardi
ire ignition, high-current-arc ignition, volume resistivity, and dielectric strength,

. 1. Volume resistivity and dielectric strength sole support requirements do 1
terial subjected to:

" additional dielectric voltage-withstand test conducted between adjacent supp
hals on the transformer (with leads\disconnected) following the method and cd
pquirements described in the Dijelectric Voltage-Withstand Test, Section 25, ar

Sulation resistance testing-between adjacent supply circuit terminals (with leag
nnected) in addition to the locations described in the Insulation Resistance T¢
he minimum acceptable resistance between these terminals is 10 megohms.

. 2: A polymeriC material used to support pin-type transformer terminals that a

mounting through holes in a printed wiring board need not be evaluated for the

. 3: The requirements in 11.1 (a) — (c) do not apply to materials used to s€

position.

Hammability
V-2 or less
r thicknesses

.1; and

ng factors as

ot apply to a

ly circuit
mplying with
d

s
st, Section

re specifically
sole support

cure leads in
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12 Bobbin Material

12.1 Insulating material used for bobbins shall comply with the requirements specified in 11.1 (a) — (c).

Exception: Bobbin materials may be rated HB or less flammable if the transformer is encapsulated by a
material rated V-0 or better.

13 Coil Insulation

13.1 A coil shall be constructed to provide insulation between:

a) Uninsulated primary wires of opposite polarity as specified in 13.7;

b) TI|1e primary winding and the secondary windings (or shield) as specified in £3-7;
¢) The primary winding and the core as specified in 13.8;

d) The primary winding lead connections and the shield or transformer’enclosure (

wher

e) The primary input lead connections and the adjacent winding (or shield) as speq

13.17
f) Th

13.2 The ter
are provided,

13.3 Caoil ins|

a) B

the Ipsulation Resistance Test; Section 28.

EXxcel
abso

b) B

thickipess required by 13.6 — 14.1. Consideration is to be given to cold flow due to

the i

c) H

provided, as specified in 13.9;

; and

plation shall:

p treated to render it resistant to’moisture unless inherently moisture resistant.
ption: Film-coated magnet wire is not required to be additionally treated to pre
Fption.

b of equivaleint mechanical strength when compared to electrical grade paper
sulatioh and the presence of sharp edges and splices.

hve\equivalent dielectric voltage-withstand strength when compared to electric

bnd bells),

ified in

e secondary output lead connections and the pfimary winding as specified in 13.13.

M coil also includes start, finish, and crossoyer leads, up to the point where insulated leads

Reference

vent moisture

Df the
bressure on

bl grade

pape

of thethickmess Tequired by 136 = 14-1—See 25271

d) Be acceptable for the temperature involved in the end-use appliance. See 21.1.

13.4 Generic materials that have been found to be equivalent to electrical grade paper, as specified in

13.3 (b) and

(c), are specified in Equivalent Generic Materials, Section 15.
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13.5 The thic

kness of insulating tape is to be measured with the adhesive in place.

13.6 Electrical grade paper having a total thickness not less than 0.012 inch (0.30 mm) or the equivalent
of such insulation shall be used between:

a) Uninsulated, primary wires of opposite polarity;

b) Multiple primary windings;

c) The body of a primary-connected thermal protector and the adjacent windings; and

d) The body of a secondary-connected thermal protector located adjacent to a primary winding.

See 13.3 (b),
Exception Ng

Exception N(
fire and shog

13.7 Insulati
a) E

b) A

c) The equivalent of the insulation specified,ino(a) or (b). See 13.3 (b), (c), and (d)

13.8 Insulati
a) E

b) A

c) The equivalent of theNinsulation specified in (a) or (b). See 13.3 (b), (c), and (d)

13.9 Insulati
(end bells) sk

a) E
conjy

K is evaluated by a short-circuit test of the transformer windings in the end-ust
bn between the primary and the secondary windings (or shield) shall be one of

ectrical grade paper having a total thickness not l€ss‘than 0.012 inch (0.30 m

bn between the primary winding andsthe core shall be one of the following:

(c), and (d), and 13.4.
. 1: This requirement does not apply when the spacing specified in 16.1°is prd

. 2: The requirements in (a) and (b) do not apply to switch modetransformer:

polymeric coil form not less than 0.025 inch {064 mm) thick; or

ectrical grade paper having <a total thickness not less than 0.012 inch (0.30 m

polymeric coil form not less than 0.025 inch (0.64 mm) thick; or

bn between the primary winding lead connections and the shield or the transforr
all be onélaf the following:

ectrical'grade paper having a total thickness not less than 0.012 inch (0.30 m
nction with an air spacing of one-half that specified in 16.1;

vided.

5 if the risk of
b product.

the following:

m);

and 13.4.

m);

and 13.4.

ner enclosure

m) if used in

b) Electrical grade paper having a total thickness not less than 0.023 inch (0.58 mm) if the
insulation is in contact with the end bell; or

c) The equivalent of the insulation specified in (a) or (b). See 13.3 (b), (c), and (d) and 13.4.

Exception: This requirement does not apply when the spacing specified in 16.1 is provided.
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13.10 Insulation between the crossover leads and the adjacent winding, transformer enclosure (end
bells), or core shall be one of the following:

a) Electrical grade paper, having a total thickness of not less than 0.012 inch (0.30 mm);

b) Electrical grade paper having one-half the thickness specified in (a) if used in conjunction
with an air spacing of one-half that specified in 16.1; or

c) The equivalent of the insulation specified in (a) or (b). See 13.3 (b), (c), and (d) and 13.4.

Exception No. 1: This requirement does not apply when the spacing specified in 16.1 is provided.

Exception N(
a) Tl

b) T

. 2. This requirement does not apply to insulation between secondary crossoy
he secondary winding;

e transformer enclosure (end bells); or

c) The core.

Exception N(
which it is cd
spacing if:

a) Tl

the p
entel

b) T

13.11 In acc
molded bobb

. 3: The type and thickness of the insulation between al¢érossover lead and t
nnected may differ from that specified in ExceptionsNo. 1 and 2 or may be

he coil withstands the Dielectric Voltage-Withstand Test described in 25.1.1 —
otential applied between the coil leads, with’the inner coil lead cut at the point
s the layer; or

e coil withstands the induced potential test described in 25.3.1 and 25.3.2.

prdance with Exception Nos 3 to 13.10, a crossover lead that passes throug
n is considered to have ag¢eptable insulation and spacing when:

a) The slot provides a graduated through-air spacing to the winding, increasing to

turns|

and

b) T

e crossover ‘leads and winding withstand the induced-potential test described

and 25.3.2.

13.12 Electrical grade paper having a total thickness not less than 0.023 inch (0.58 mm)
insulation (sge. 1313 (b), (c), and (d) and 13.4) shall be used as insulation between:

er leads and:

he winding to
a through-air

5.1.4 with

where it

h a slot in a

he end

in 25.3.1

or equivalent

a) The primary input lead connections and the adjacent winding (or shield); and

b) The secondary output lead connections and the primary winding.
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13.13 The insulation between splices, winding to protector connections, and similar items shall comply

with 13.12.

13.14 The requirements in 13.6 — 13.13 are not applicable to insulation in the thin sheet material
irrespective of its thickness when used in high-frequency type transformers, if:

a) The transformer insulation is used within the equipment protective enclosure and is not
subject to handling or abrasion during operator servicing; and

b) One of the following applies:

1) Insulation comprises three layers of material for which all combinations of two layers

13.15 The €
construction

14 Outer-Wr

14.1 Insulat
inaccessible

Exception:
enclosure thd

15 Equivalern
15.1 The in
Outer-Wrap 4

Table 15.1 w
collectively a

in which:

T is:

together comply with the dielectric voltage-withstand test described in 25.1]
2) Insulation comprises at least two layers of material, each of which‘\comp
dielectric voltage-withstand test described in 25.1.1 — 25.1.6.

S not considered to be insulation in thin sheet material.

Ap and Crossover-Lead Insulation

ng material — outer-wrap and crossover-lead¢insulation — used to rend
shall not be less than 0.028 inch (0.71 mm) thick.

[he insulation need not be provided when the transformer is used in an app
t renders live parts inaccessible.

t Generic Materials

Sulation between the transformer parts specified in Coil Insulation, Sec
nd Crossover-Lead Insulation, Section 14, may be of the generic material typd
nen the layer or layers of €ach generic material are of a minimum thickness so

e greater than or equal to the minimum thickness required (T):

T < A(EFy) + Ay(EF5,) + A3(EF,)

1 - 25.1.6.

lies with the

nhamel or other insulating coating on winding wire that is noraially used in transformer

er live parts

jance with an

tion 13, and

s specified in
that all layers

a) The constant 0.012 inch (0.30 mm) for insulation between points identified in 13.6 —

13.8, 13.9(a), and 13.10(a); and

b) The constant 0.023 inch (0.58 mm) for insulation between points identified in 13.9(b)

and 13.12.

A;, A, As s the total thickness of each generic material type, inches (mm); and

EF;, EF,, EF3 is the equivalency factor specified in Table 15.1 for the generic material type
corresponding to A;, A,, As.
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Table 15.1

Equivalency factors for insulation materials

Generic material

Equivalency factor (EF)

Varnished cpmbric (cloth)

Acetate sheet 15
Aramid paper 2
Electrical grade paper, fiber, or pressboard 1
Fluorinated ethylene propylene (FEP) 3
Impregnated cotton cloth 1
Impregnated glass or acetate cloth 1.2
Impregnated rag paper 1.3
Polyester 2
Polyethyleng terephthalate 2
Polyimide (R1)2 6
Polytetrafludro-ethylene (PTFE) (teflon) 3
Polyvinyl chloride (PVC) tape and tubing 13
Silicone rubper (SIR) 0;5
1.6

NOTE - Se
a Additional

P 15.1.
Imaterial required over connections for mechanical strength.

16 Spacings
16.1 Spacing

a) B
wire;

b) B

Exception:
transformer d

s shall not be less than the applicable values:specified in Table 16.1:

btween any uninsulated live primary part and:

1) Any dead metal part,(including the core; and

2) Any uninsulated secondary part.

ptween uninsulated live primary parts of ‘'different potential, including film-coate

This requirement does not apply to a transformer intended for use in an applia
ore and secendary windings will be electrically isolated from all accessible me

d magnet

ce where the
tal parts.
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Table 16.1
Minimum spacings

Potential Through air Over surface
involved, volts Protected against deposition of Not protected against deposition
(rms) dirt of dirt
inch (mm) inch (mm) inch (mm)
0-50 1/16 (1.6) 1/16 (1.6) 1/16 (1.6)
51 — 150 1/16 (1.6) 1/16 (1.6) 1/8 (3.2)
151 — 250 1/8 (3.2) 1/8 (3.2) 1/4 (6.4)

NOTE — The spacings apply to coils, crossover leads, splices, uninsulated lead wires, and any turn of the primary winding to any
turn of the secondary winding. The spacings do not apply to turn-to-turn spacings of a coil.

16.2 The ins

Lilation between the primary and secondary windings in a flanged bobbin-woun

having the piimary winding wound over the secondary winding, or vice versa, shall be)as

equivalent co

a) F
the o)
inch

b) F
betw
comy
end-f

c) In
Seco
windi

EXxcel
of 1/

Excel
posit

nstruction):

brmed, molded, or extruded material having continuous bent-up ledges tightly f
Litside bobbin end-flanges. The height of the bent-up edges shall not be less t
0.8 mm) higher than the top layer of the outer winding. See Figure 16.1.

brmed, molded, or extruded material having continugus bent-up edges with thg
ben this insulation and the outside bobbin end-flanges covered with a material

anges by minimum 1/8 inch (3.2 mm). See Rigure 16.2.
sulation that extends from end-flange to‘end-flange of the bobbin, and the sidg
ndary winding are offset a minimum of$1/8 inch (3.2 mm) from the sides of the

ng by a spacer or a built-in step inthie bobbin end-flange. See Figure 16.3.

ption No. 1: For a layer-wound transformer, the spacer may be reduced to a m
16 inch (1.6 mm).

ption No. 2: For a layer wound transformer where a spacer is not provided,
ve means shall be-provided to maintain the minimum required spacing of 1/16 i

d) Winding insulation“that extends from end-flange to end-flange of the bobbin and

overl

hpped by.a tape that:

1)<Extends up and over the top edge of the bobbin end-flange;

d transformer
ollows (or an

tted against
nan 1/32

gap
that

lies with Colil Insulation, Section 13, and overlaps the insulating material and the bobbin

s of the
primary

inimum width

an additional
ch (1.6 mm).

S

2N _Ons v:n o

L At laact

a n bhao an 1/0 1
Z ) VTIPS tiCTvvi ot 7O 11

and

Yy aticasSt

3) Complies with Coil Insulation, Section 13. See Figure 16.4.

ich (3.2 mm);

e) Insulation that extends from end-flange to end-flange of the bobbin, and the sides of both
the primary and secondary winding are set in 1/16 inch (1.6 mm) from the bobbin end-flange by
a spacer or a built-in step in the bobbin end-flange. See Figure 16.5.

Exception No. 1: For a layer-wound transformer, the spacer may be reduced to a minimum width
of 1/32 inch (0.8 mm).
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Exception No. 2: For a layer wound transformer, where a spacer is not provided, an additional
positive means shall be provided to maintain the minimum required spacing of 1/32 inch (0.8 mm).

Figure 16.1
Bobbin wound transformer with inner bobbin

Tight fit to prevent dropped turns

1/32"(0.8mm) Minimum j

I
T . .
secondary insulation

Outer windings

000Q
0161010,
01610)0)
O00Q
0J0)0)0)
0161010,
eJele)0)
e'ele)0
SO0
[/ /Y]
AREALARARRAR VAN

///11//]/)

00000000000
0)0]0]0)010]0]010]0]e);
OOOOOOOOO\?O

==~ “Outer two-—flanged
bobbin

1

—EO.OZS"(O.6mm) Minimum \—Inner windings

A NNANNANANNRY]

52550
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Figure 16.2
Bobbin wound transformer with 1/8 inch overlapped insulation on bobbin edges

Bobbin edges covered with
insulating material

T P N
Ij 000000000 RN

JL?Q OO0O000OO0OO Q?

1/8"(3.2mm) §§ 22222222:2 \\// Outer windings

L] N[~ Primary winding-}o
? = % selc:ondzrvywwilnding
e [~ insulation
? O000OOOOO0O0O ?
1 O0O0O0O0O0O0O0OO /——Outer two—flanged

+ ;ioooooooooeo ] bopbin
L]

(/
=1
3
@
-
=
5
Q.
5
@

L 0.025"(0.6mm) Minimum

S2550A
Figure\16.3
Bobbin wound transfarmer with offset coils
With Spacer With Built—In Step
1 5 . C
~ 10000 000 0 0 000G u e85 {0000 0 00 0 OGOOOH]
10000 0 00 O 0 OO0 00000 000 OO0
2ooooooooooooo§ O0O00 O 0000000
— 1 =
; 000QO 00— fl ~10000000
eJeJolofelele - . (10000009 H]
0000000 ?\I:Q’u‘fj;;gn . ({00000 0gH
% QO00000 | /ooooooog
WAV AUIWAWAWAW) P CAVAVIVAWAW)
? 2 Spacer i ) -
|
- 3z ) - &2 ooy

S3280A

NOTE: The 1/8 inch (3.2 mm) spacing may be reduced to 1/16 inch (1.6 mm) as specified in Exception Nos. 1 and 2 to 16.2(c).
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Figure 16.4
Bobbin wound transformer with overlapped tape

1/8 inch 1/8 inch
(3.2 mm) (3.2 mm)

Outer

] 7 Winding > ]
Z ooooooooggya/ éqggoooooooo 2
1l OO000000LTO | ] QBQRQLOVOOOOO 1
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- 0]0]0]0]0]00]0/0]0]0) ‘f Insulation é-_OOOOOOOOOOO -
L] -
2 A\Z«En%)_b;:nge_. A / 2
] ORO0OOOOO00 EAN yogng — T+ QO0000QA0Q0
55583558588 ) T 7] 53859388348
g SN2 P Z
\v'v?:;;g/
$3281
Figure\16.5
Bobbin wound transformer with inset coils
With Spacer With Built—In Step
and Spacer
/fnc?gl?l%ir?ge\ %
7 DOOOOOO 7 ( 0]00]010)0( %
- DOOOOOO ] 000000 1
& DOOOOQO soocerAA——00000O] &
S—
DOOQOO0 = ,/Zooooooo =~
DOQOOOO ™\_ Winding L 0000000 ]
% DOOOOO00 /]  Insulation L 1O00000D
DOOOOOO >3 L 10000000
Z OOUO00 Spacer | OOOO0O0CO M
% Z e
- 1/16 inch | 1/16 inch
(1.6 mm) : (1.6 mm)

S3282

NOTE: The 1/16 inch (1.6 mm) spacing may be reduced to 1/32 inch (0.8 mm) as specified in Exception Nos. 1 and 2 to 16.2(e).


https://ulnorm.com/api/?name=UL 1411 2016.pdf

20 UL 1411 JANUARY 15, 2016

17 Double Protection

17.1 A transformer intended to comply with the requirements for double protection against a risk of
electric shock in the Standard for Audio-Video Products and Accessories, UL 1492, shall comply with the
requirements in 17.2 and 17.3. The requirements in 17.2 and 17.3 do not apply to a transformer intended
for use in an end product where double protection is not required.

17.2 Insulated lead wires shall comply with the requirements in 7.1.1 and shall have insulation of either

of the following constructions:

a) Two separate layers of insulation having a total thickness not less than 0.026 inch (0.66

mm),

neither layer of which is less than 0.007 inch (0.18 mm) thick; or

b) A

17.3 Insulati
applied in
voltage-withs
on the end-
secondary wi
of the compo

[e

18 Transforn

18.1 In addi
connection tq
Audio-Video
between the
secondary wi

18.2 The ph
manners:

a) The primary and secondary windings shall be insulated from and wound on sep

the ¢

b) P
least
seco
betw
smal

single layer of insulation not less than 0.027 inch (0.068 mm) thick.

bn providing double protection shall withstand a potential of 3500 volts, 60 hert
ccordance with the Dielectric Voltage-Withstand Test, Segtion 25. T
fand potential may also be required between the secondary winding and the co
Ise application. When a conductive connection is provided. between the
hdings as described in Interconnection of Windings, Section 8;the primary lead
nent is to be left in place, but the other lead is to be physically removed.

ners for Use with Hospital-Appliance Pendant Controls

tion to the other applicable requirements ¥-this standard, a transformer
a pendant control of a hospital televisiofisreceiver in accordance with the

Products and Accessories, UL 1492, shall be constructed to provide physic

primary and secondary windings so that the winding potential cannot be impr

nding. See 18.2.

ysical separation described\ in 718.1 shall be accomplished by any one of

bre of the transformer.
imary and sécondary windings shall be wound concentrically. A grounded-cop
ndary windings and grounded to the core either directly or by a conductor. The

pen_ the shield and the core shall be at least equal in size to the primary leads
er than 24 AWG (0.21 mm?). The shield shall completely separate the primany

y for 1 minute
he dielectric
e, depending
primary and
and the body

intended for
Standard for
al separation
essed on the

the following

arate legs of

per shield at

0.005 inehx(0.13 mm) thick, or the equivalent, shall be provided between the primary and

conductor
but not
and

Seco

Tdary windings, nctodingattsptices and Crossover feads, whern provided T e

extend the full width of the coil windings.

shield shall

c) The primary and secondary windings shall be wound end-to-end, not concentric, on the
same leg of the core, and the two windings shall be separated by a 1/32-inch (0.8-mm) thick
barrier of phenolic or melamine or a barrier having equivalent characteristics.

d) The primary and secondary windings shall be wound concentrically, and the windings,
including splices and crossover leads, shall be insulated by mica, not less than 0.007 inch (0.18
mm) thick, or another insulating material having equivalent resistance to ignition characteristics.

e) Other constructions equivalent to those described in (a) — (d).
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PERFORMANCE

19 General

19.1 To determine which performance tests are required for the appliance in which the transformer is to
be used, transformers are separated into two categories depending on secondary voltage and output
power as follows:

a) Transformers having a secondary winding or windings operating at 42.4 volts peak —
maximum voltage for all secondary windings — or less and having a winding impedance that

limits

the total output power from all windings to 15 watts or less.

b) T
peak
windi

19.2 A trans

Exception:
requests. Se

19.3 When't
to be considg
that the tests
output limitat

19.4 All opey
frequency an
as 50 — 60 h
hertz except

ngs exceeding 15 watts. This includes all autotransformers.

The tests described in Sections 20, 21, and 29 need not be conducted if the m4

ansformers having a secondary winding or windings operating at more than-4
— maximum voltage from all secondary windings — or having a total output.pe

P 19.3.
he tests described in Sections 20, 21, and 29 are net‘€¢onducted on a transfor

described in Abnormal Operation Tests, Section29, be conducted on a transf
ons as mentioned in 19.1(a).

ational tests are to be conducted with thetransformer connected to a supply g
d the voltage specified in Table 19.1. Yhen the unit is rated for a range of freq
ertz, or is rated for dual frequencies, such as 50/60 hertz, tests are to be cor
As indicated in 20.2 and 21.2.

Table 19.1
Operational test voltages

ormer shall be subjected to the applicable tests described in Sections 19 — 29.

P.4 volts
iver from all

nufacturer so

mer, they are

red during the investigation of the complete applighce. The appliance standarg may require

ormer having

ircuit of rated
lencies, such
ducted at 60

Test Sections Voltage rating Test voltage
Normal operafion 20 - 22 105 - 130 Maximum ratedl voltage but
not less thian 1202
Normal operafion 20 -22 210 - 250 Maximum rated voltage but
not less than 240
Abnormal opgratien 23, 24, 29 105 - 130 1302
Abnormal opgration 23, 24, 29 210 - 250 b

a Transformer taps rated 100 volts may be tested if the manufacturer so requests. The test voltage is to be 100 volts for
normal operation and 110 volts for abnormal operation.

b The test voltage is to be 110 percent of rated voltage but not less than 240 volts nor more than 260 volts.
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20 Power Input Test

20.1 The power input of a transformer is to be measured when the transformer is operated with the
secondary winding or windings delivering the rated output power or current specified by the manufacturer.

20.2 The transformer is to be connected to its rated source of supply. When a product is rated for dual
frequencies or a range of frequencies, as indicated in 19.4, the test is to be conducted at the lowest
frequency rating. A variable external resistor is to be connected across the secondary winding or windings
and adjusted to consume rated output power or current as measured with a wattmeter or ammeter. The
rotor of a motor-transformer is to be free running — no load — during this test. The output power or current
rating is to be that assigned by the manufacturer.

21 Temperafure Test
21.1 When g transformer is delivering its rated output, the maximum temperature rises.at sgecified points
shall not be greater than the applicable values specified in Table 21.1.
Table 21.1
Maximum temperature rises
Material Degrees
< CA)
1. Varnished-¢loth insulation 60 (108)
2. Fiber empl@yed as electrical insulation 65 a1y
3. Rubber- orfthermoplastic-insulated wire or coil 35 (63)
4. Class 105 insulation systems on windings
Thermocouple method 65 a1y
Residtance method 75 (13p)
5. Class 130 jnsulation systems on windings?
Therocouple method 85 (158)
Residtance method 95 @arp)
6. Class 155 insulation systems on windings?
Therthocouple method 110 (198)
Resigtance method 115 (201)
7. Class 180 insulation systems ©nh,windings?®
Thermocouple method 125 (22p)
Residtance methgd 135 (24B)
8. Coil form
Nylo 40 (73
Othel thermoplastic 25 (49)
9. Laminated phemnotic tomposition 100 {180)
10. Phenolic composition 125 (225)
11. Sealing compound b b
NOTE - These limitations do not apply to an insulated conductor or a material that has been investigated and found to be
acceptable for a higher temperature. A thermoplastic coil form is to be investigated to determine the effects of aging and
pressure exerted by the windings.
a These limitations apply to an insulation system investigated in accordance with the Standard for Systems of Insulating
Materials — General, UL 1446, and determined to be acceptable for the temperature class indicated.
b The maximum sealing compound temperature when corrected to a 25°C (77°F) ambient temperature, is 15°C (27°F) less
than the softening point of the compound determined in accordance with the Standard Test Methods for Softening Point by
Ring-and-Bell Apparatus, ASTM E28.
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21.2 The transformer is to be mounted on a softwood surface in a draft-free area, and operated until
constant temperatures are reached while operating as described in 20.1. When a product is rated for dual
frequencies or a range of frequencies, as indicated in 19.4, the test is to be conducted at the lowest
frequency rating.

21.3 All temperature rise values specified in Table 21.1 are based on an assumed ambient temperature
of 25°C (77°F). Tests may be conducted at any ambient temperature within the range of 20 — 30°C (68 —
86°F).

21.4 When using the resistance method, the windings are to be at room temperature at the start of the
test. The temperature rise of a winding is to be calculated from the formula:

M=B (ks t) - (k+0)

in which:
At is [the temperature rise in °C;
R is fesistance of the coil at the end of the test in ohms;
r is rgsistance of the coil at the beginning of\the test in ohms;

k is 234.5 for copper, 225.0 for electrical conductor grade (EC) aluminum. Values af the
conslant k for other grades must be<determined;

t; is foom temperature at the-beginning of the test in °C; and

t, is foom temperature at\the end of the test in °C.
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22 Open-Circuit Voltage Test

22.1 The maximum secondary open-circuit voltage between any two terminals or combination of
terminals of a transformer shall be determined.

22.2 When measuring the total secondary voltages, the secondary winding or windings are to be
connected such that the maximum voltage results.

23 Power Output Test

23.1 The total output power of the secondary winding or windings into an external resistor shall be

determined.

23.2 For the| purpose of calculating the total output power of the secondary windinghor
maximum pojver of each winding that can be delivered into the external resistor is te-be n

the other se
is to be add

23.3 Any ex
accordance ||

24 Stalled R
24.1 Stalling
24.2 Three

secondary wi
be as descril
25 Dielectric
25.1 Genera
25.1.1 A trar
sinusoidal po
performance,

a) B

b) B
seco

ndary winding or windings loaded to rated current or power. The power from
to the others for a total.
vith 19.1(a).
Dtor Test
the rotor of a motor-transformer shall not resultin a risk of fire or electric sho
samples are to be subjected to the stalled-rotor test for 7 hours. During
hding or windings are to deliver rated output power or current and the test con

edin 29.1.7.

Voltage-Withstand Test

sformer shall withstand-for 1 minute the application of a 2875 volt, 40 — 70 he
tential without an-indication of unacceptable performance. For a definition of
see 25.1.6. Thie potential is to be applied:

btween any.live part of the primary circuit and any dead metal part; and

btween any live part of the primary circuit and any live or current-carrying part

windings, the
easured with
each winding

rnal protective device is to be defeated for the purpose ofcategorizing the transformer in

K.

the test, the
ditions are to

tz essentially
unacceptable

of the

ndary’circuit.

Exception:

This requirement does not apply to a transformer that is intended for use in an appliance

where the transformer core and secondary windings are electrically isolated by acceptable means from all

accessible m

etal parts.
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25.1.2 Except when being tested after the thermoplastic bobbin temperature stability and abnormal tests
(see 26.1 and 29.1.9), the transformer is to be at room temperature during the Dielectric
Voltage-Withstand Test.

25.1.3 When conducting the Dielectric Voltage-Withstand Test, the applied 40 — 70 hertz voltage is to be
measured directly across the application points of the test potential with a voltmeter having a minimum
input impedance of 2 megohms (or by an equivalent means).

25.1.4 When applying the test voltage to the product or circuit, transient voltages shall not cause the
instantaneous voltage to exceed 105 percent of the peak value of the specified test voltage. The applied
potential is to be:

a) In(freased from zero af a uniform rate that reaches the specified test potential-in
approximately 5 seconds; and
b) Mpintained at the test potential for 1 minute.

Manual or automatic control of the rate of rise may be used.

25.1.5 The t
voltage that |

pst equipment for conducting an AC Dielectric Voltage-Withstand Test is to h4
as:

\ve an output

a) Alsinusoidal waveform;

b) Alfrequency within 40 — 70 hertz; and

c) Alpeak value of the waveform that is not léss than 1.3 and not more than 1.5 tipes the rms

valud.

25.1.6 The
connected ad
to or greater

bensitivity of the test equipmenty is to be adjusted so when a 120,000-oh
ross the output, the equipment indicates a dielectric breakdown for any output
than the specified test voltage. However, it should not indicate a breakdown f

voltage less fhan the specified test valtage. The calibrating resistor is to be adjusted as clo

ohms as acc

Exception:
resistance ug

rately possible, butwot more than 120,000 ohms.

The sensitivity gf'the test equipment may be increased (a higher value
ed) when agreeable to those concerned.

m resistor is
voltage equal
pr any output
e to 120,000

pf calibrating
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25.2 Insulation comparison

25.2.1 Regarding 13.3(c), an insulating material other than those materials specified i

n Equivalent

Generic Materials, Section 15, shall withstand, without electrical breakdown, the applicable voltage

specified in Table 25.1 when tested in accordance with 25.2.2 — 25.2.6.

Table 25.1
Insulation-comparison test voltages

Required thickness for electrical grade paper Test voltage
inch (mm)
0035 (0.09) 1050
.007 (0.18) 1700
.012 (0.30) 2500
.015 (0.38) 2900
.023 (0.58) 4000

25.2.2 Ruptyre or decomposition of the material is considered to be evidence of breakdow

25.2.3 The t4

more than orje layer of material, or both, may be used.

25.2.4 The te¢st specimen shall be sized so that electrical discharge does not occur around
the specimer].

25.2.5 The test specimen is to be placed between twe opposing electrodes. The electroq
cylindrical brass or stainless steel rods 1/4 inch (6.40*mm) in diameter with edges rounded
(0.8-mm) radjus. The upper moveable electroders’'to weigh 50 +2 grams to exert sufficien
the specimer] to provide good electrical contaet.

25.2.6 The gpplied test potential is to.be" increased at a uniform rate of approximately
second from gero to the applicable valué specified in Table 25.1 and held at that value for ]
potential is tq be essentially sinusoidal and have a frequency within 40 — 70 hertz.

25.3 Induced potential

25.3.1 As specified inExeeption No. 3 to 13.10, when necessary, a transformer shall be sy
operating potential, a@pplied between the terminals of one winding, of twice the rated voltage
with the endp of alf~other windings of the transformer open. The potential may be at a
frequency and, shall be applied for 7200 cycles. The results are acceptable when there i

.

pst specimen is to represent the material used in the transformer. More than ome material or

the edges of

es are to be
0 a 1/32-inch
pressure on

00 volts per
| minute. The

bjected to an
bf the winding
ny applicable
no dielectric

breakdown.

Exception: At any frequency less than 120 hertz, the potential is not to be applied for more than 60

seconds.

25.3.2 The test voltage specified in 25.3.1 is to be started at one-quarter or less of the full value and

gradually increased to the full value in not more than 15 seconds. After being held for the ti

me specified,

the voltage, within 5 seconds, is to be slowly reduced to one-quarter of the maximum value or less, and

the circuit is to be opened.
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25.4 Production-line dielectric potential suitability test

25.4.1 When a manufacturer conducts the production-line dielectric voltage-withstand test at a potential
or duration, or both, greater than that shown in Curve A of Figure 30.1, three samples of each
representative transformer construction shall be subjected to the continuous application of the potential
that the manufacturer intends to use for a duration that is 100 times the factory-test time. There shall be
no indication of dielectric breakdown as a result of this test.

26 Thermoplastic Bobbin Temperature Stability Test

26.1 Each of three samples of a transformer employing a thermoplastic bobbin shall be subjected to a
dielectric voltage-withstand test of 900 volts AC for 1 minute, conducted as described in 25.1.1 following

7 hours of co
the maximumn

27 Strain Re
27.1 The str

transformer,
applied to tH

nditioning in an air-circulating oven. The oven temperature shall be 10°C (18°
operating temperature specified by the manufacturer, but not less than 90°€

ief Test
hin-relief means on each insulated lead shall withstand a force™equal to the

but not less than 3 pounds (13.4 N) nor more than 10 poufds (45 N). The f
e lead for 1 minute in any direction permitted by the¢censtruction with t

strain-relief njeans at room temperature. The lead shall not pull out, of the transformer or bg

the extent tha
28 Insulation

28.1 Immedi
a temperatur
than 10 meg

a) B

b) B
circu

Exception:
where the trg
accessible m

28.2 One sa
made with 3
conductive g
Interconnecti
but the other

t strain is transmitted to the internal connections.

Resistance Test

htely after exposure for 24 hours to moist.aip having a relative humidity of 85
b of 32.0 £2.0°C (89.6 £3.6°F), a transformer shall have an insulation resistan
bhms:

ptween any live part of the primary and any dead metal part; and

btween any live part of theé-primary and any live or current-carrying part of the
t.

[his requirement,does not apply to a transformer that is intended for use in
etal parts.
mple is to)be subjected to the insulation-resistance measurement. The measurg

n instrtument having a direct-current open-circuit output voltage of 500 v
onnection is provided between the primary and secondary windings, as

F) higher than
(194°F).

weight of the
orce is to be
he parts and

displaced to

5 percent at
ce of not less

secondary

an appliance

nsformer core ang"secondary windings are electrically isolated by acceptable means from all

ment is to be
blts. When a
described in

OTT Of WHTTTTg'S,-Section 8, the primmary feadand body of the component are to t
lead is to be physically removed.

e left in place
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29 Abnormal Operation Tests

29.1 General

29.1.1 Transformer samples that are subjected to either the 7-hour or 15-day abnormal operation tests

described in this section:

a) Shall not cause the adjacent cheesecloth or tissue paper to glow or flame;

b) Shall not have a dielectric breakdown when the dielectric voltage-withstand test described in

29.1.9 is conducted;

c) Fdrihe I5-day test, shall not cause the I ampere fuse connecied 1o earth grounfd to open;
and
d) For the 7-hour test, shall have a primary winding temperature rise, as detérmingd by the
change of resistance method, that does not exceed the maximum temperature rise|specified in
Tablg 29.1.
Table 29.1
Maximum temperature rise under abnormal cofditions
[Temperature index of insulation Maximum temperature rise 2
°C (°F)
105 105 (189
130 135 (243
155 160 (288
180 185 (333
200 225 (405
220 255 (459
NOTE — Baspd on an assumed ambient température of 25°C (77°F). Tests are to be conducted at any ambient
temperature pvithin the range of 20 — 30°C (68 — 86°F).
@ The maximum temperature rise undér abnormal conditions for other index ratings of insulation is 30°C (54°F) higher than
the normal tgmperature rise limit. See.29.2.2 and 29.2.3.
29.1.2 For the purposes of.thése requirements, each secondary winding tap, other than a c¢nter tap, and
each primarytwinding tap intended to supply power to a load are considered to be a secondary winding.
When a trangformern’has more than one secondary winding, each of the secondary windings is to be
individually tgsted:
29.1.3 Samplesefthe-transfermerare-to-be-subjectedto-Secondary-windingHtoading-eonraiions in this test
sequence:

a) Short-circuit;

b) Rated current plus 75 percent of the difference between the short-circuit current and the

rated

current;

¢) Rated current plus 50 percent of the difference between the short-circuit current and the

rated

current;
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d) Rated current plus 25 percent of the difference between the short-circuit current and the
rated current;

e) Rated current plus 20 percent of the difference between the short-circuit current and the
rated current;

f) Rated current plus 15 percent of the difference between the short-circuit current and the
rated current;

g) Rated current plus 10 percent of the difference between the short-circuit current and the
rated current;

h) Rpted current plus 5 percent of the difference between the shori-circult current and the rated
current; and

i) Rgted current.

29.1.4 To degtermine the short-circuit current for the tests described in 29.1.3"b) — (h), the {ransformer is
to be at room temperature at the beginning of the measurement, and thie_short-circuit cufrent is to be
measured agproximately 1 minute after the application of voltage tocthe’ primary winding, An external
protective deyice, if provided by the manufacturer, is to be short-circuited during this measupement. If the
30-ampere lipe fuse or transformer winding opens within 1 minut€ after the application gf the primary
voltage, the ghort-circuit current is considered to be the currént/recorded just before the line fuse or
winding operis. The short-circuit current of any one winding:is. to be measured with the otHer secondary
windings open-circuited.

29.1.5 A transformer shall operate continuously undét29.1.3(i) for the full test period — { hours or 15
days, as applicable.

29.1.6 For the loading conditions of 29.1.3.(b) — (i), a variable resistor is to be adjusted tg result in the
required valye of winding current as quickly as possible and readjusted, if necessary, 1| minute after
application of voltage to the primary witding.

29.1.7 Samples for the abnormakoperation tests are to be prepared as follows:
a) The transformer (S to be placed on a white-tissue-paper-covered softwood surfafe.

b) For a 15-day.-test, exposed dead metal parts and one end of each secondary winding are to
be cgnnected to earth ground through a 1-ampere nontime-delay fuse.

Exception’ The fuse need not be employed if its connection would create a conditjon that is not
likely—Trder—singte-fauit corditions (for exarmpte, & trarnsformer used 1 arr apphiarnce where the
transformer core and secondary windings are electrically isolated from all accessible metal parts
by a means determined acceptable).

c) A single layer of cheesecloth is to be draped loosely over the transformer or its individual
enclosure.

d) All primary and secondary protective devices specified by the manufacturer are to be
connected in the circuit.
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